A new method for numerically calculating ion atom collisions is presented. It uses time dependent amplitudes for target excitation and ionization but time independent amplitudes for charge transfer. It is efficient in its use of computer time and removes the known difficulty with a single centered expansion for the proton hydrogen system below 60 keV. In a conventional calculation (TCE) anl (t) and bml (t) This method leads to two problems. Firstly, because the set x n, and m are nonorthogonal the solutions for anl(t) and bml (t) are quite time consuming to obtain. Secondly, as the two sets are formally complete as N and M rise to infinity the finite sets are not linearly independent for small times. Thus the equations used to determine anl (t) and bml(t), eqs (2) and (3), become ill conditioned as we attempt to drive the calculation to convergence by increasing N and M.
A new method for numerically calculating ion atom collisions is presented. It uses time dependent amplitudes for target excitation and ionization but time independent amplitudes for charge transfer. It is efficient in its use of computer time and removes the known difficulty with a single centered expansion for the proton hydrogen system below 60 keV.
In this paper we wish to describe a new method of calculating ion-atom collisions. W4e call it informally a one and a half center expansion (OHCE This method leads to two problems. Firstly, because the set x n, and m are nonorthogonal the solutions for anl(t) and bml (t) are quite time consuming to obtain. Secondly, as the two sets are formally complete as N and M rise to infinity the finite sets are not linearly independent for small times. Thus the equations used to determine anl (t) and bml(t), eqs (2) and (3), become ill conditioned as we attempt to drive the calculation to convergence by increasing N and M.
An alternative to the TCE is the single centered expansion (SCE). This uses the trial wavefunction N 'p (SCE) = nl C nW(t)Xn(r,t) Unfortunately, whilst this avoids both the difficulties mentioned above, if charge transfer is an important mechanism for flux loss the convergence as N is increased is very slow.
The simplest way to see how W1(OHCE) avoids all of these difficulties is understand the property of "incompatabi I i ty". We exemplify this here. Let us suppose that we wish to attempt an expansion of the function y(t) y(t) = 2-[tanh(t) + 1] in a set of hilbert states u n(t) is the interval (-co.c). Because un(co) is zero but y(c=) = Niow we expand y(t), where
in the set u (t). The set u (t) and y(t) are com- 
Y-M = y .(t) -patible and the condition of eq (6) can be satisfied (with y(t) replacing y(t)) at all times.
Of course we could improve on the speed of convergence by using the known (to us) properties of y(t), e.g. its asymptotic form, to help choose (t) .
TheLSCE method uses a trial wavefunction that is incompatible with boundary conditiohs of the true w1vefrnction in that it is zero for large times when |r -(t) is finite; it thus cannot correctly describe the flux loss due to charge transfer to the projectile.
The TCE and OHCE methods use trial wavefunctions that have compatability. The TCE method goes to a great deal of computing expense to choose the best correcting fuhctions S (t). The The former constraint is equivalent to the condition that the scattering amplitude for charge transfer bml ( 
